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@ Pentamidine salts useful In the treatment and propliylaxls of Pneumocystis eariidl pneumonia. 

@ Salts of pentamidine, formulations containing sucii salts 
and the use of sucli salts for treatment or propliylaxls of 
Pneumocystis carlnH. Pentamidine gluconate and lactate has 
i>een discovered and found to fiave high water solubility while 
providing potentially less toxic aKemattves to pentamidine 
Isethlonate, especially for aerosolized administration to patients 
suffering from acquired Immunodeficiency syndrome, AIDS, or 
AIDS related complex, ARC. 
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Description 

PENTAMIDINE SALTS USEFUL IN THE TREATMENT AND PROPHYLAXIS OF PNEUMOCYSTIS CARINII PNEUMONIA 



RELD OF THE INVENTION 

This application relates. In general, to pentamidine . 5 
and In particular to new pharmaceutlcally.acceptable 
salts of pentamidine, to pharmaceutical formulations 
containing such salts, and to the prophylactic use of 
such fonnulations against Pneumocystis carinO 
pneumonia io 

BACKGROUND OF THE INVENTION 

Pentamidine, In the form of its hydrochloride salt, 
was first discovered by Ewins et al., as shown In U.S. 
Patent No. 2.277,861 . Pentamidine and other related is 
compounds were found to have trypanocidal proper- 
ties. However, pentamidine was inrtiaJly available only 
In the form of its hydrochloride salt, which is 
substantially water insoluble. Because of the thera- 
peutically beneficial results which could be derived 20 
' from pentamidine, a need arose for water soluble 
salts of pentamidine. U.S. Patent No. 2,410,796 to 
Newberry et al.. Is directed to such water solut}le 
salts, particulariy hydroxy-ethane sulfonic acid salt 
and hydroqr-propane sulfonic acid salt of penta- 25 
midine. The former cornpound is generally referred 
to as pentamidine isethionate. 

Pentamidine isethionate is presently marketed by 
LyphoMed, Inc. under the trademark Pentam, for 
intravenous and Intramuscular injection, and is 30 
Indicated for the treatment of pneumonia due to 
Pneumocystis carinll, the latter ailment typically 
being refen-ed as "PGP". The importance of penta- 
midine Isethionate has recently dramatically in- 
creased due to the marked Increase of patients 35 
suffering from POP. The Increase In the afflicted 
patient population is an unfortur^ate consequence of 
the increasing presence of the Acquired Immuno- 
defldency Syndrome ("AIDS"). It is now estimated 
that approximately 70 percent of all AIDS patients 40 
contract PCP. Because of the high incidence of POP 
In AIDS patients, pentamidine isethionate has found 
utility not only In the treatment of PCP, but also for 
prophylaxis, in preventing the initial onset or recur- 
rence of PCP, especially In AIDS patients. 45 

An unfortunate side effect of pentamidine Ise- 
thionate is its toxicity. Some fatalities have been 
attributed to severe hypotension, hypoglycemia, and 
cardiac arrhythmias in patients treated with penta- 
midine isethionate, through both intramuscular and 50 
Intravenous routes. Because of the concern over the 
potential toxicity of pentamidine isethionate, a need 
has arisen for a replacement for pentamidine 
isethionate which may minimize the potential unde-. 
sirable side effects associated with the use of the 55 
drug. 



SUMMARY OF THE INVENTION 

Several new salts of pentamidine have now been 
discovered. It is believed that the toxicity of such 
salts may be appreciably lesser than that of 
pentamidine Isethionate. 

Especially surprising embodiments of the present 
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invention are the salts of pentamidine with lactic acid 
or gluconic acid. The lactic acid and gluconic acid 
salts of- pentamidine have extremely high water 
solubility, greater than 100 mg/mL, in water. Further, 
as lactic acid and gluconic acid are both naturally 
occurring In the human body, It is believed that the 
use of such acids as the counter-anion will be much 
more physiologically acceptable than the presently 
used 2-hydroxyethyl sulfonic add which is not 
naturally occurring In the human body. It Is extremely 
surprising, therefore, to discover not only two new 
salts of pentamidine having high water solubility, but 
also to find that such salts can be made. In which the 
anion is naturally present In the human body. 

The other pentamidine salts of the present 
invention are formed with acetic acid, tartaric acid, 
citric acid, phosphoric acid, boric acid, nitric acid, 
and sulfuric acid. These salts, are characterized by 
their substantial insolubility In water. Because of 
their water insolubility they may find application In 
organic based vehicles or in liposomes in which the 
water insoluble salts become associated with the 
hydrophobic portion of the Opid bilayer. In contrast, 
the water soluble salts of the present Invention, 
pentamidine gluconate and pentamidine lactate, may 
find application In the form of liposomal formulations 
in which the gluconate or lactate salt, due to its high 
water solubility, becomes associated with the hydro- 
philic inner-portion of the lipid vesicles. 

Generally, the present Invention also provides 
pharmaceutical formulations comprising the 
aforementioned pentamidine salts In physiologically 
acceptable carriers. Also, the present invention 
provides pentamidine salts which have been 
lyophillzed and which may be reconstituted to form 
pharma:ceutically acceptable formulations for admin- 
istration, by intravenous or intramuscular injection. 

Further, the present invention provides the 
aforementioned pentamidine salts as formulations 
for administration as aerosolized droplets for Inhala- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As indicated, the present invention provides 
several previously unknown salts of pentamidine. In 
particular, the salts of the present invention include 
pentamidine gluconate, pentamidine lactate, penta- 
midine acetate, pentamidine tartarate, pentamidine 
citrate, pentamidine phosphate, pentamidine borate, 
pentamidine nitrate, and pentamidine sulfate. 

The present invention provides both water soluble 
pentamidine salts as well as water insoluble penta- 
midine salts. As used in the present specification, 
the term "water soluble" Is meant to define any 
composition which is soluble in water In an amount 
of about 50 mg/mL. or greater. Also, as used in the 
present specification, the term "water insoluble" Is 
meant to define any corhposltlon which has a 
solubility In water of less than about 20 mg/mL For 
certain applications, water soluble salts may be 
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desirable whereas for other applications water 
insoluble salts may likewise be desirable. Accord- 
ingly, the present fnvention provides both. 

As Indicated, surprisingly it has been found that 
pentamidine gluconate and pentamidine lactate are 5 
water soluble and in fact possess an extremely high 
degree of water solubility, greater than 100 mg/mL 
This finding Is particularly important in view, of the 
fact that the acids from which the salts are derived, 
lactic acid and gluconic acid, both occur in small io 
quantities in almost every organ of the human body, , 
as well as in blood and other body fluids. Therefore, a 
salt of pentamidine formed from gluconic acid or 
lactic acid should be highly compatible with body 
fluids, thus Increasing the efficacy of the drug, while is 
at the sanie time reducing its toxicity. 

The salts of the present invention are prepared, In. 
general, by reacting the free pentamidine base with 
slightly in excess of two equivalents of the desired 
acid, in aqueous solution. After the reaction is 20 
complete, the salts are crystallized from the aqueous 
solution by the addition of an appropriate amount of 
organic solvent. 

In particular, salts of the present invention may be 
prepared through a relatively straight fonvard syn- 25 
thesis. Thus, in accordance with one process, 
pentamidine isethionate, such as that manufactured 
and sold under the trademarl< PENTAM by Ly- 
phoMed, Inc. may be dissolved in distilled water and 
then reacted with sufficient ammonium hydroxide to 30 
adjust the pH of the solution to about 11. Upon 
refrigerated storage, crystals of pentamidine free 
base are generated which can be filtered, washed 
with distilled water, and dried in a vacuum chamber, 
the free base may then be contacted with the 36 
desired free acid, in distilled water, with stirring. In 
the case of the water soluble salts, pentamidine 
lactate and pentamidine gluconate, an organic 
solvent such as acetone may be added to the 
aqueous solution until it becomes cloudy, followed 40 
by refrigeration which causes crystallization of the 
pentamidine salt which may then be filtered, washed 
with organic solvent and dried. The other penta- 
midine salts may be prepared In a similar fashion, 
except that the aqueous solution of the acid and free 46 
base, after mixing, requires either slight warming or 
heating to effect salt formation. 

As an alternate process, the desired salts may be 
synthesized from key intermediates. Thus, for 
example, the 4:4'-di-iminoether of diphenoxypen- 5Q 
lane may be reacted with the corresponding am- 
monium salt, such as ammonium lactate or am- 
monium gluconate. The desired pentamidine salt 
may then be recrystalllzed from the appropriate 
solvent, filtered and dried. 55 

The present invention provides pharmaceutical 
compositions suitable for intrayeneous or intramus- 
cular injection. The pharmaceutical compositions 
comprise a pentamidine salt selected from the group 
consisting of pentamidine gluconate, pentamidine 60 
lactate, pentamidine acetate, pentamidine tartarate, 
pentamidine citrate, pentamidine phosphate, penta- . 
midine borate, pentamidine nitrate, and pentamidine 
sulfate. The desired pentamidine salt may be placed 
in any phanmaceu^ically acceptable carrier. If a 65 



solution is desired, water is the carrier of choice with 
respect to pentamidine gluconate and pentamidine 
lactate. With respect to the remaining pentamidine 
salts, an organic vehicle, such as glycerol, propyle- 
neglycol, polyethyleneglycol, or mixtures thereof 
may be suitable. In the latter instance, the organic 
vehicle may contain a substantial aniount of water. 

Pentamidine gluconate and pentamidine lactate 
may both be readily formulated Into a pharmaceuti- 
cal composition. For example, the salt may first be 
dissolved in water to make a solution generally 
comprising from about 50 to about 100 mg of 
pentamidine per mL of water. The solution may then 
be sterilized In any suitable manner, preferably by 
filtration through a 0.22 micron filter. Subsequent to 
sterilization, the solution may be fiDed into appropri- 
ate receptacles, such as depyrogenated glass vials. 
Of course, the filling should be done by an aseptic 
method. Sterilized closures may then be placed on 
the vials and, if desired, the vial contents may be 
lyophilized. 

In addition to the pentamidine salt, the pharma- 
ceutical compositions may contain other additives, 
such as plH adjusting addith^es. In particular, useful 
pH adjusting agents include adds or . bases or 
buffers, such as sodium lactate, sodium acetate, or 
sodium gluconate. Further, the compositions may 
contain microbial preservatives. Useful microblsil 
preservatives include methylparaben, propylpa- 
raben, and benzyl alcohol. The*hnicrobiaJ preserva- 
tive is typically employed when the formulation i,s 
placed in a vial designed for multidose use. Of 
course, the phanriaceutical compositioris of the 
present invention may be lyophifized using tech- 
niques well known In the art. 

In accordance with the present invention, other 
pharmaceutical compositions may be prepared from 
the water Insoluble pentamidine salts, such as 
aqueous based emulsions. In such an instance, the 
composition will contain, a sufficient amount of a 
pharmaceutlcatly acceptable emulsifying agent to 
emulsify the desired amount of pentamidine salt. 
Particulariy useful emulsifying agents include phos- 
phatidyl cholines, and lecithin. 

Further, the present invention provides liposomal 
formulations of pentamidine salts selected from the 
group consisting of pentamidine gluconate, penta- 
midine lactate, pentamidine acetate, pentamidine 
tartarate, pentamidine citrate, pentamidine hydro- 
chloride, pentamidine phosphate, pentamidine bor- 
ate, pentamidine nitrate, pentamidine sulfate, and 
pentamidine isethionate. The technology for forming 
liposomal suspensions is well known in the art. 
When the pentamidine salt of interest is an aqueous 
soluble salt, pentamidine gluconate, pentamidine 
lactate or pentamidine isethionate, using conven- 
tional liposome technology, the same may be 
incorporated Into lipid vesicles. In such ah Instance, 
due to the water solubility of the salt, the penta- 
midine salt will be substantially entrained within the 
hydrophllic center or core of the liposomes. The lipid 
layer employed may be of any conventional composi- 
tion and may either contain cholesterol or may be 
cholesterot-free. When the pentamidine salt of 
interest is a water Insoluble pentamidine salt, again 
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employing conventional liposome formation technol- 
ogy, the salt may be substantially entrained within 
the hydrophobic lipid bilayer which fonms the 
structure of the liposomes. In either Instance, the 
liposomes which are produced may be reduced In 
size, as through the use of standard sonlcatioh and 
hombgenization techniques. 

Of course, the liposomal formulations containing 
the pentamidine salts of the present invention may 
be lyophliized to produce a lyophilizate which miay be 
reconstituted with a pharmaceutically accepUble 
carrier, such as water, to regisnerate a liposomal 
suspension. 

An especially attractive aspect of the present 
invention are pharmaceutical formulations which are 
suitable for administration as an aerosol, by Inhala- 
tion. These formulations comprise a solution or 
suspension of the desired pentamidine salt selected 
from the group consisting of pentamidine gluconate, 
pentamidine lactate, pentamidine acetate, penta- 
midine tartarate, pentamidine citrate, pentamidine 
hydrochloride, pentamidine phosphate, pentamidine 
borate, pentamidine nitrate, and pentamidine sulfate. 
The desired fonmulation is placed In a smaQ chamber 
and nebufized. Nebufization may be accomplished 
by compressed air or by ultrasonic energy to form a 
plurality of liquid droplets comprising the penta- 
midine salts. The liquid droplets should have a 
particle size In the range of about 0.5 to about 5 
microns. Most preferably, the size of the droplets will 
be from atiout 1 to about 2 microns. In this respect, 
commercial nebulizers are available to achieve this 
purpose. 

Preferably, the pharmaceutical formulation suit- 
able for administration as an aerosol will comprise 
pentamidine gluconate or pentamidine lactate In a 
carrier which comprises water. A surfactant may be 
present which lowers the surface tension of the 
formulation sufficient to result In the formation of 
droplets within the desired size range when sub- 
jected to nebulization. 

It is believed that the pentamidine gluconate and * 
pentamidine lactate when administered via the 
aerosolized route will result in substantially reduced 
patient discomfort when compared to aerosolized 
forms of pentamidine isethionate. This Is believed to 
be true due to the fact that the lactic and gluconic 
acids from which the salt is derived, should be 
substantially better tolerated than the isethionate 
salt, especially considering the fact that the aero- 
solized route requires the salts in the aerosolized 
form to be placed into direct contact with the 
patlenf s mucous membranes. 

One of the especially important aspects of the 
present invention is the provision of a method for 
treating Pneumocystis carinii pneumonia. This 
method comprises administering to a patient suffer- 
ing from Pneumocystis carinii pneumonia, a thera- 
peutically effective amount of a pentanriidine salt 
selected from the group consisting of pentamidine 
gluconate, pentamidine lactate, pentamidine ace- 
tate, pentaniidine tartarate. pentamidine citrate, 
pentamidine phosphate, pentamidine borate, penta- 
midine nitrate, and pentamidine sulfate. In accord- 
ance with the method, the pentamidine salt may be 



administered intramuscularly or intravenously as a 
solution, suspension, or emulsion. Alternatively, the 
pentamidine salt may also be administered intraven- 
ously or intrarnusculariy as a liposomal suspension. 
5 As discussed previously, an especially prefenred 
route of administration in the treatment of Pneumo- 
cystis carinii pneumonia, Is by inhalation In the form 
of a plurality of droplets having a particle size from 
about 0.5 to about 5 microns, preferably from 

10 about 1 to about 2 microns. 

Besides providing a method for treating Pneumo- 
cystis carinii pneumonia, the present invention also 
provides a method for prophylaxis against Pneumo- 
cystis carinii pneumonia in an immunocompromised 

15 patient, such as one suffering from AIDS, who has 
had at least one episode of Pneumocystis carinii 
pneumonia, but who at the time of treatment Is not 
exhibiting signs of Pneumocystis carinii pneumonia. 
As Pneumocystis carinii pneumonia is an especially 

20 potentially devastating disease for Immunocom- 
promised patients, it 13 preferable to avoid the onset 
of Pneumocystis carinii pneumonia, as compeured to 
treating the disease after it has become sympto- 
matic. Accordingly, the present invention provides a 

^ method for the prophylaxis against Pneumocystis 
carinii pneumonia comprising administering to the 
patient a prophylactically effective amount of a 
pentamidine salt selected from the group consisting 
of pentamidine gluconate, pentamidine lactate, pen- 

30 tamidlne acetate, pentamidine tartarate. penta- 
midine.c|trate,^pentamldine phosphate, pentamidine- 
borate, pentamidine nitrate, and pentamidine sulfete. 
The forms for administration of the pentamidine salt 
In accordance with this method may be the same as 

35 utilized for the purpose of actually treating a patient 
suffering from Pneumocystis carinii pneumonia. 

An additional useful aspect of the present inven- 
tion Is a method for prophylaxis against even an 
Initial episode of Pneumocystis carinii pneumonia in 
.40 an Immunocompromised patient who has never 
experienced an episode of Pneumocystis carinii 
. pneumonia. In this respect, a* patient who has been 
diagnosed as being irhmunocompromised, such as 
one suffering from AIDS or ARC (AIDS related 

45 complex) , even before the onset of an inltfeJ episode 
Pneumocystis carinii pneumonia, may avoid the need 
to suffer from the infection by having administered a 
prophylactically effective amount of a pentamidine 
salt. Again, the useful salts are those indicated 

SO above with respect to the treatment of Pneumocystis 
carinii pneumonia and the pentamidine salt may be 
administered In the sarhe fashion as in the treatment 
of patients suffering from Pneumocystis carinii 
pneumonia. 

55 In yet another aspect of the present Invention, 
there is provided an injectable, stable, sterile 
composition comprising a pentamidine salt selected 
from the group consisting of pentamidine gluconate, 
pentamidine lactate, pentamidine acetate, penta- 

60 . midine tartarate, pentamidine citrate, pentamidine 
phosphate, pentamidine borate, pentamidine nitrate, 
and pentamidine sulfate, in a unit dosage form In a 
sealed container. The pentamidine salt is provided in 
the form of a lyopholizate which is capable of being 

$5 reconstituted with a suitable pharmaceutically ac- 
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. ceptable carrier to form a liquid composition suitable 
for Injection thereof Into man. The unit dosage form 
typically comprises from about 10 mg to about 10 
grams of the pentamidine salt. When the penta- 
midine salt is substantially water insoluble, a suffi- 
cient amount of emulsifying agent which is physio- 
logically acceptable may be employed In sufficient 
quantity to emulsify the pentamidine salt in an 
aqueous carrier. One such useful emulsifying agent 
Is phosphatidyl choline. 

The present Invention will be further illustrated by 
the following non-iimtting examples. 

Example 1 

This example demonstrates the preparation of 
pentamidine free base. 

In a one liter beaker, 60 grams of pentamidine 
isethlonate was dissolved In 500 mL distilled water. 
Ammonium hydroxide was added to the concen- 
trated solution of pentannidine isethlonate, with 
constant stining, until the pH of the solution was 
about 11. The solution was then refrigerated over- 
night and the next day crystals of pentamidine free 
base were filtered, washed with distilled water, and 
dried In a vacuum chamber. The yield of free base 
was 26.2 grams. 

Example 2 

This example demonstrates the preparation of 
pentamidine lactate. In a 500 mL beaker. 2.5 grams 
of lactic acid (85 percent) was mixed with 50 mL 
distilled water and the solution was stirred with a 
magnetic stirrer. Four grams of pentamidine free 
base from Example 1 were added to the stining 
solution, and the stirring continued until all of the 
free base was dissolved to fonn a clear solution. 
Acetone vyas then added to the solution in gradual 
amounts until the solution became cloudy. The 
beaker was then covered with aluminum foil and 
refrigerated ovemlght Pentamidine lactaite crystals 
were formed and were filtered, washed with acetone, 
and dried in vacuum. The yield was 5.21 grams. 

Example 3 . 

In accordance with the process described In 
Example 2, other pentamidine salts as listed In 
Table 1 were prepared In a similar fashion, with the 
exception that the aqueous solution of the acid and 
pentamidine free base after mixing required either 
slight warming or heating to affect the salt solution. 



Table I 
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Compound 


Formula 


Solubility in 
H2O m^/mL 


Pentamidine 


C19H24O2N42- 


114.8 


Gluconate 


C6H12O7 




Pentamidine 


C19H24O2IM42- 


100.3 


Lactate 


C3H6O3 




Pentamidine 


Cl9H24b2N42- 


17.0 


Acetate 


C2H4O2 




Pentamidine 


C19H24O2M42- 


3.4 


Tartarate 


C4H60e 




Pentamidine 


C19H24O2N42- 


0.6 


Citrate 


CeHsOz 




Pentamidine 


C19H24O2N42- 


14.5 


Hydrochloride 


Ha 




Pentamidine 


CiaH^^OsN^- 


16.8 


Phosphate 


H3PO4 




Pentamidine 


C19H24O2N42- 


6.9 


Borate 


H3BO3 




Pentamidine 


C19H2402N42- 


1.8 


Nitrate 


HNO3 




Pentamidine 


C19H24O2N42- 


1,4 


Sulfate 


H2SO4 





Claims 



1. A salt of pentamidine with an acid selected 
from the group consisting of gluconic acid, 
lactic acid, acetic acid, tartaric acid, citric acid, 
phosphoric acid, boric acid, nitric acid, and 
sulfuric acid. 

2. Pharmaceutical composition suitable for 
Intravenous or intramuscular Injection compris- 
ing a pentamidine salt selected from the group 
consisting of pentamidine gluconate, penta- 
midine lactate, pentamidine acetate, penta- 
midine tartarate, pentamidine citrate, penta- 
midine phosphate, pentamidine borate, penta- 
midine nitrate, and pentamidine sulfate, and a 
pharmaceutlcally acceptable carrier. 

3. The composition of claim 2 wherein the salt 
is pentamidine gluconate or pentamidine lac- 
tate and the carrier comprises water. 

4. The composition of claim 3 also comprising 
a buffering agent. 

5. The composition of claim 3 which has been 
iyophilized. 

6. The composition of claim 5 wherein the . 
composition also comprises an agent for 
adjusting the tonicity of the composition. 

7 A lipospmal pharmaceutical formulation 
comprising discrete lipid vesicles having en- 
trained within the vesicles a pentamidine salt. 

8. The liposomal pharmaceutical formulation 
of claim 7 wherein the pentamidine salt is 
selected from the group consisting of penta- 
midine gluconate, pentamidine lactate, penta- 
midine acetate, pentamidine tartarate, penta- 
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midine citrate, pentamidine hydrochloride, pen- 
tamidine phosphate, pentamidine borate, pen- 
tamidine nitrate, pentamidine sulfate, and pen- 
tamidine isethionate. 

9. The forrtiulation of claim '8 wherein the s 
• pentamidine salt is pentamidine gluconate, 
pentamidine isethionate or pentamidine lactate 
and said pentamidine salt is substantially 
entrained within a hydrophilic center of the 
liposomes. ^ 10 

10. The formulation of claim' 9 wherein , the 
formulation is in the form of a tyophilizate, which 
upon reconstitutlon with a physiologically ac- 
ceptable carrier results In the formation of a 
liposomal suspensiori. 75 

11. The formulation of claim 8 wherein the 
pentamidine salt is selected from the group 
consisting of pentamidine acetate, pentamidine 
tartarate, pentamidine citrate, pentamidine hy- 
drocNoride, pentamidine phosophate» penta- 20 
mldlne borate, pentamidine nitrate, and penta- 
midine sulfate, and the pentamidine salt Is 
substantially entrained within a hydrophobic 

lipid bllayer which forms a portion of the 
liposomes. S5 

12. The formulation of claim 8 or claim 11 
wherein the liposomes are suspended in a 
physiologically acceptable liquid carrier. 

13. The formulation of claim 12 wherein the 
liquid carrier comprises water. 30 

14. The formulation of claim 11 wherein the 
fonmulation Is in the form of a lyophilizate, which 
upon reconstitutlon with a physiologically ac- 
ceptable carrier will form a liposomal suspen- 
sion. ^ 

15. A pharmaceutica] formulation suitable for 
administration as an aerosol, by inhalation, 
comprising a solution or suspension of a 
pentamidine salt selected from the group 
consisting of pentamidine gluconate, penta- 40 
midine lactate, pentamidine acetate, penta- 
midine tartarate, pentamidine citrate, penta- 
midine hydrochloride, pentamidine phosphate, 
pentamidine borate, pentamidine nitrate, and 
pentamidine sulfate; a physiologically accept- 46 
able carrier; such that the solution or suspen- 
sion upon being ultrasonically nebulized will 

form a plurality of liquid droplets comprising the 
pentamidine salt and having a particle size in 
the range of about 0.5 to about 5 microns. 50 

16. The formulation of claim 15 wherein the 
pentamidine salt is selected from the group 
consisting of pentamidine gluconate and penta- 
midine lactate and the carrier comprises water 

17. The formulation of claim 15 wherein the 55 
solution upon being nebulized forms a plurality 

of liquid droplets having a particle size from 
about 1 to about 2 microns. 

18. A method for treating Pneumocystis carinil 
pneumonia comprising administering to 'a pa- 60 
tient suffering from Pneumocystis carinil pneu- 
monia, a therapeutically effective amount of a 
pentamidine salt selected from the group 
consisting of pentamidine gluconate, penta- 
midine lactate, pentamidine acetate, penta- 65 



midine tartarate, pentamidine citrate, penta- 
midine phosphate, pentamidine borate, penta- 
midine nitrate, and pentamidine sulfate. 

19. The method of claim 18 wherein the 
pentamidine salt is administered either intra- 
musculariy or intravenously as a solution or 
suspension. 

20. The method of claim 18 wherein the 
pentamidine salt is administered intravenously 
or intramusculariy as a liposomal formulation. 

21 . A method for prophylaxis against Pneumo- 
cystis carinil pneumonia in an immuno-com- 
promlsed patient who has had at least one 
episode of Pneumocystis carinil pneumonia but 
who at the time of treatment is not exhibiting 
signs of Pneumocystis carinil pneumonia, com- 
prising administering to ^d patient a prophy- 
lactically effective amount of a pentamidine salt 
selected from the group consisting of penta- 
midine gluconate, pentamidine lactate, penta- 
midine acetate, pentamidine tartarate, penta- 
midine citrate, pentamidine phosphate, penta- 
midine borate, pentamidine nitrate, and penta- 
rnidine sulfate. 

22. The method of claim 21 wherein the 
pentamidine salt is administered as a solution. 

23. The method of claim 21 wherein the 
pentamidine salt is administered as a riposomal 
formulation. 

24. The method of claim 21 wherein the 
pentamidina salt is administered as an emul- 
sloa 

25. A method for prophylaxis against an Initial 
episode of Pneumocystis carinil pneumonia In 
an Immunocompromised patient who has never 
experienced an episode of Pneumocystis carinii 
pneumonia, comprising administering to said 
patient a prophylactically effective amount of a 
pentamidine salt selected from the group 
consisting of pentamidine gluconate, penta- 
midine lactate, pentamidine acetate, penta- 
midine tartarate, pentamidine citrate, penta- 
midine phosphate, pentamidine borate, penta- 
midine nitrate, and pentamidine sulfate. 

26. The method of claim 25 wherein the 
pentamidine salt is administered as a solution. 

27. The method of claim 25 wherein the 
pentamidine salt is administered as a liposomal 
suspension. 

28. The method of claim 1 8 or claim 25 wherein 
the pentamidine salt is administered as an 
emulsion. 

29. The method of claim 18 or claim 21 or claim 
25 wherein the pentamidine salt is administered 
by inhalation in the form a plurality of droplets 
having a particle size from about 0.5 to about 5 
microns. 

30. An Injectable, stable, sterile composition 
comprising a pentamidine salt selected from 
the group consisting of pentamidine gluconate, 
pentamidine lactate, pentamidine acetate, pen- 
tamidine tartarate, pentamidine citrate, penta- 
midine phosophate. pentamidine borate, penta- 
midine nitrate, and pentamidine sulfate In a unit 
dosage form in a sealed container, the compo- 
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sition being capable of being reconstituted with 
a suitable pharmaceuticatly acceptable carrier 
to form a liquid composition suitable for 
Injection thereof into man. the unit dosage form 
comprising from about 10 mg to about 10 
grams of the pentamidine salt. 

31. The composition of claim 30 wherein the 
pentamidine salt is pentamidine lactate or 
pentamidine gluconate. 

32. A pharmaceutically useful composition 
comprising a substantially water Insoluble pen- 
tamidine salt, water, and a sufficient amount of 
an emulsifying agent to emulsify the penta- 



midine salt. 

• 33. The composition of claim 32 wherein the 
pentamidine salt is selected from the group 
consisting of pentamidine acetate, pentamidine 
5 ' . tartarate, pentamidine citrate, pentamidine hy- 
drochloride, pentamidine phosphate, penta- 
midine borate, pentamidine nitrate, and penta- 
midine sulfate. 

34. Th& composition of claim 33 wherein, the 
10 emulsifying agent comprises a phosphatidyl 

choline. 
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